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(57) Abstract 

An impedance feedback electio-siir^cal system (100)18 useMwidi elecUo-snr^ical tools (102) tomuntain apresetoded oontiol mnge 
of tissue impedance within ±t tissue in contact with die tool (102). Hie system cco^riaes an acdve dectiDde (108) associated wiib an 
electio-sucgical tool (102). a letnm electrode (1 12), in die fonn of a ranote ground pad which is hi contact wiA ttte patient, an napedanoe 
momtaring device (1 16) and a pava oontcol unit (12(0. Eaeigy soffidcnt to afiEect tissue Is ddivoed through die acdve electrode 008) 
to tissue and to die letntn electrode. The m^edance measnring device 0 16) detaoames the impedance of die tissue based on dte voltage 
dif&raitial between die acdve electrode (1 08) and ground pad ( 1 12). A rfgnal sepresentadve txf die measoied m^edanoe is communicased 
to die power ooatRd onit (120) which adjusts die eneigy ap^ied to die dssne to mamtm a preselected imp ed ano r mage. 
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RrferQDPg to Rfflated AppUcatfons 

This is a continuation-in-part of U.S. Patent Application Serial No. 055»827 filed on 
April 30, 1993, vAadi is a continuation-in-part of U.S. Serial No. 786,574 filed on 
November 1, 1991 (now U.S. Patent No. 5»207,691), and of U.S. Patent Application Serial 
No. 019^34 filed on Februaiy 18, 1993, wbich is a continuation of Serial No. 786,572 filed 
onNovemberl, 1991. 

RackpiQimd of tiie Invention 

The present invention relates to electrosuigical tools \;^ch are adapted to deliver 
electrosurgical en»gy to tissue. 



Surgical procedures often require incisions to be made in human tissue. Such 
procedures typically require the application of force to a surgical tool having one or more 
shaip, tissue-contacting edges, and usually create bleeding at the site of the incision. The 
ease with which the tool makes the incision and the prompt control or elimination of the 
20 bleeding thereby created is of paramount importance to the success and safety of the 
procedure. 

Currentiy known surgical cutting devices utilize different techniques to make 
incisions and to control or eliminate bleeding. One known device is the Proximate Linear 

25 Cutter available from the Ethicon, Inc. of Cincinnati, Ohio. This device is specifically 
adapted to make an incision in tissue or an organ such as the intestine. The device engages 
a portion of the tissue or organ between two tyne-like members. To effect cutting, a blade 
mounted on one of the tynes travels along a predeterouned path, thereby making a linear 
incision through the tissue or orgaa Surgical stales are deployed by die cutting device on 

30 eitiier side of the incision, resulting in the separation of the organ into two s^ments, each 
of which Is sealed adjacent to the incision by surgical staples. Despite the use of surgical 
staples and the precise cutting of the tissue, bleeding is not entirely eliminated and separate 
cauterization procedures must often be utilized to control or stop bleeding. 

35 Surgical devices also are known which utilize electrical current in the form of radio 

frequency (RF) energy to indse and to cauterize tissue to control bleeding. U.S. Patent No. 
4»65U734 discloses a surgical scalpel modified to include an electrode. This scalpel has tiie 
ability to cut tissue and, when properly positioned, to cauterize tissue following a cutting 
procedure. Such a surgical tool is useful but does not simultaneously cut and cauterize 
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tissue. The separate cauterization procedure ^diich must be utilized is relatively time 
consuming and may result in unnecessary bleeding. Moreover, such a scalpel is not well 
suited to many surgical procedures such as the transection of &e intestine. 

5 Because of this, the tool must be carefully controlled during surgery to ensure that 

the correct amount of RF energy is applied to the taiget tissue. For example, if a surgical 
tool delivers RF energy through a cutting edge to tissue at a magnitude sufSdrat to cut or 
cauterize tissue, tissue bums could result if the cutting edge contacts the tissue for too long 
a period. Similariy, if the cutting edge is moved too quickly tiirou^ tissue, the optimal 
10 amount of energy may not be applied to the tissue. Thus, if not used properly, currently 
known electrosurgical tools may not take fidl advantage of the bmefits of electrosurgery. 

Accordingly, an object of this invention is to provide an electrosurgical system 
which mables electrosurgical tools to conveniently and safely incise and/or pen^rate 

15 human tissue with controlled and precise application of RF energy. It is another object of 
tiie inv^on to provide a surgical tool which has iiiq>Foved cutting capability and v^ch 
decieases some of the risk associated with surgery by minimizing the amount of bleeding 
resulting from incisions and tissue pe»ietration. Another object is to provide a surgical tool 
which is adapted to simultaneously cut and cauterize tissue. It is also an object to provide 

20 bipolar and/or monopolar electrosurgical systems that provide visual, audible, or tactile 
feedback to a user concerning tissue condition. Oih&c objects of the invention will be 
apparent vpon reading the disclosure which follows. 

Swmmary of tfag Invention 

25 

The invention attains the aforementioned objects by providing a system which 
measures tissue impedance as a feedback parameter from surgical tools that apply 
electrosurgical energy to tissue during surgery. The system is useful with a variety of 
electrosurgical devices including cutting tools and surgical clip applying devices. The 
30 system is particularly useful to provide bipolar and/or monopolar electrosurgical tools with 
feedback capability (e.g., visual, audible or tactile) which relates, in part, to the impedance 
targeted within the tissue. 

In one aspect, an impedance feedback electrosurgical system constructed in 
35 accordance with the invention includes an electrosurgical tool which is adapted to receive 
pow^ from an electrosurgical power source and to deliver electrosuxgical energy to tissue 
througih an active, en^gy delivering electrode in contact with the tissue. A return or second 
electrode is also attached to the tissue and is electrically insulated from the active electrode. 
Electrosurgical enogy is thus conununicated from the active, energy delivering electrode. 
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through die tissue, and to the return dectrode. 
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Preferably, an impedance monitoring device is in circuit with the active and retum 
electrodes to measiire the impedance of the target tissue, which can be ascertained based 
5 upon the voltage and current of the applied energy. A power control module is also in 
circuit witii the impedance monitoring device to regulate the electiosurgical energy 
delivered to the tissue through the active electrode by responding to a signal representative 
of tissue impedance derived by the impedance monitor. The system is able to control the 
electrosurgical energy applied to &e tissue by monitoring and controlling tissue uxq)edance 

10 to within a preselected range. The operating range of the electrosurgical system is 
preferably between about 20 to 1000 Ohms. This range can even extend to an upp^ limit 
of 2000 ohms in some instances. The preselected control range of desired tissue impedance 
is a narrower range within this opecating range. This preselected control range is selectable 
by a user of the system and will depend upon several factors, such as electrode size and 

15 character, the electrosuripcal tool behig used, and tissue type including percent body &t 

In other aspects, the impedance feedback electrosurgical system has control 
circuitry to enable one to select the control range within vMch an acceptable measured 
tissue impedance is maintained during surgery. One or more feedback or warning devices 
20 are preferably coimected in circuit with the system to warn a user (e.g., by an audible 
alarm) that measured impedance is outside the preselected control range and to inform the 
user of the measured impedance. 

In yet another aspect, the impedance feedback electrosurgical systmi regulates the 
25 energy delivered to the tissue by varying the applied voltage and/or current of die 
electrosurgical power source. 

In still another aspect, the impedance feedback electrosurgical system controls the 
electrosurgical energy delivered ifaroi^ the delivery electrode to the tissue by an activation 
30 system. An operator can inhibit or transnut the electrosurgical energy delivered to the 
tissue by selectively opofating the activation system, vAdch operates much like an electrical 
switch. 

The advantages of the electrosurgical system of the invention are several. First and 
35 foremost, by maintaining a preselected control range of tissue impedance, electrosurgical 
energy is applied to die target tissue at desirable levels independent of the speed and 
operation of the tool as used by an operator or surgeon. Furthermore, vAea an 
electrosurgical tool is adapted to a system constmcted in accordance with the invention, the 
system will inherently monitor the passage of the tool's active electinode through different 
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tissue types and certain tissue banim. For example, once the tool penetrates tlie 
abdominal wall, the current density at the active electrode will increase in the area where 
the tissue contacts the electrode* As a result, the circuitry of the electrosurgical system 
will lower the applied electrosurgical oiergy to protect that tissue from receiving excessive 
5 or unwanted RF energy. 

The electrosurgical energy applied to an active electrode in accordance widi the 
uivention also im^mves the mechanical cutting ability of the tool, and more unportantly, 
fiicilitates the cauterization and/or fusion of tiie tissue following the incision. The 

10 application of radio frequency energy, for example, to the tissue allows the simultaneous 
cutting and cautoization of the tissue with an effective consistency independent of a user's 
technique. Moreover, the use of electrosurgical energy to penetrate tissue can eliminate tiie 
need for a conventional, sharpened cutting blade. A conductive electrode can deliver 
sufiBcient levels of electrosurgical energy to tissue to efifectively incise tissue. The 

15 electrosurgical energy also enhances other electrosurgical tools such as clip applying 
devices, 

A method for controlling the level of electrosurgical energy applied to tissue by an 
electrosurgical tool is also provided by the present inventioiL Thus, in one aspect, a 

20 method is provided for d^amining at least one of several properties of tl^ system, such as 
(i) the time-rate derivative of the signal representative of impedance, (ii) the time-avera^ 
of the voltage, (iii) the time-average of the current, (iv) the time-average of impedance, (v) 
cunrent \(^ch exceeds a predetermmed threshold, and (vi) voltage which exceeds a 
predetermined threshold. These properties are processed, according to another aspect, to 

25 evaluate the electrosurgical effects witiun die tissue so that a logical indicator, e.g., a light, 
sound, or tactile source, can be activated to inform or warn the user of the evaluated effects. 

These and other aspects of the invention are evident in the description which 
follows and in the accompanying drawings. 

30 

Brief Pgscription of the Drawings 

FIGURE 1 schematically illustrates an impedance feedbaclc electrosurgical system 
constructed in accbrdance with the invention and in use with an energy supply source and 
35 an electrosurgical tool. 
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FIGURE 2 schematically illustrates an electrical circuit which can be used to 
measure tissue impedance. 

FIGURE 2A shows a graph illustrating typical tissue impedance as a function of the 
5 duration of applied electrosurgical energy. 

FIGURE 3 schematically illustrates a surgical cutting tool employed in an 
inqsedance feedback electrosurgical system according to the invention, inchiding a supply 
source of electrosurgical »ergy. 

10 

FIGURE 4 is an e3q)loded side view of the electrosurgical cutting tool illustrated in 
FIGURES. 

FIGURE 5 is a sectional view of the electrosurgical tools of FIGURE 4 at lines A- 

15 A. 

FIGURE 6 is a sectional view of die electrosurgical tool of FIGURE 4 at lines B-B. 

FIGURE 7 is a sectional view of the electrosurgical tool of FIGURE 4 at lines B-B 
20 in an embodiment which does not include a surgical staple cartridge. 

FIGURE 8 is a schematic view of an electrosurgical clip application device 
employed in an impedance feedback electrosurgical system according to tiie invention. 

25 FIGURE 9 is a side, partially cut-a-way view of the electrosurgical clip applicating 

device of FIGURE 8. 

FIGURE 10 is a schematic view showii^ a forward, clip deploying portion of a 
bipolar electrosurgical clip applicating device enqployed in an impedemce feedbadc 
30 electrosurgical system according to the invention. 

FIGURES llA through IIC schematically illustrate the sequence in which a 
surgical clip is ^plied using die tool of FIGURE 8. 



35 FIGURE 12 shows the electrosurgical system of FIGURE 1 with further features 

according to the invoition. 
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FIGURE 12A illustrates a signal conditioning circuit constructed according to the 
invention and preferably for use vnth the electxosurgical system of FIGURE 12. 

Deftil^ PgSCTiption of the fav^mion 

5 

FIGURE 1 illustrates an impedance feedback electrosurgical system 100 
constructed according to the mventioa The system 100 includes an electrosurgical tool 102 
comiected in circuit to a pawet control module 104, shown illustratively with an RF 
genmtor 106 and source impedance 107. The tool 102 has an active electrode 108 which 

10 operates as a cutting edge and delivers electrosurgical energy to the tissue 1 09. The active 
electrode 108 is comiected to one terminal of the RF generator 106 through a power supply 
line 110« A return electrode 112, h^ shown as a ground pad, is comiected to the tissue 109 
and to another terminal of the electrosurgical supply 106 via a feedback line 114. An 
inipedance monitor 1 16 - preferably having a voltage monitor 1 17, a current monitor 118, 

15 and a programmable CPU 119 - connects in circuit witili the electrodes 108 and 112 to 
detennine tissue impedance and to gmerate a signal "zH representative of tissue impedance, 
which is conveyed to the power control module 104 through a signal line 120. The power 
control module 104 regulates the electrosurgical energy generated from the RF gen^alor 
106 such that the impedance signal "z" remains within a preselected range . 

20 

The system preferably includes an activation switdi 122 ^ch is operable by a user 
to selectivdy generate and control die flow of en^gy to the active electrode 108 and 
through the tissue 1 09. 

25 In operation, force is applied to the tool 102, typically by way of a handle 123, to 

cause the active electrode 108 to contact the tissue 109 to make incisions and/or to efTect 
cauterization. Electrosurgical energy ^plied through the tool 102 heats the cells in contact 
with the active electrode 108 to provide a clean mcision. In the course of cutting, the 
electrosurgical energy applied through the tool 102 ako cauterizes tissue to mimmize or 

30 eliminate any associated bleeding. Without the delivery of electrosurgical energy, e.g., RF 
energy, through active electrode 108, the surgical incision would be less effective as it 
would rely solely upon the mechanical sharpness of the cuttiiig blade. 

The effectiveness of the cutting and/or cauterization withm the tissue 109 is 
35 dependent, in part, upon the energy density at the active electrode 108. The effects of 
electrosurgical energy increase with increased energy density, which is defined as the 
amount of energy p^ unit area at the associated electrode. Because the active electrode 108 
has a relatively small area as conq)ared to the return electrode 1 12, its energy density is 
lelatively higih, and flius its cautmzation or cutting ability is also high. The return electrode 
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112, on the other hand, has very low energy density at operational cunents and thus does 
not significantly a£fect the tissue 109. 

Regardless of the energy density at either of the electrodes 108 and 1 12, the current 
5 flowing through the tissue and electrodes 108 and 112 is essentially equal. Where a voltage 
source electrosurgical generator is used, ttie current is indirectly proportional to impedance. 

As noted, tissue impedance is maintained within a preselected control range. Upon 
delivery of electrosurgical energy to tissue 109 through the acdve electrode 108, the current 

10 and voltage are measured by the current monitor 1 18 and voltage monitor 1 1 7, respectively. 
These values are used by the CPU 119 to determine impedance, which is the voltage 
divided by the current More particulariy, voltage is measured by the voltage monitor 117 
as a potential difference between the active electrode 108 and r^um electrode 1 12; and the 
current is measured directly through die tissue 109 by the curroit monitor 118. A signal 

15 representadve of voltage is transmitted to the CPU 119 via signal line 124. Likewise, a 
signal representative of current is transmitted to the CPU via the signal line 126. Once 
voltage and current are known at the CPU 1 19, impedance is determinable within the tissue 
109 and the signal "z" is transmitted to the power control module 104. If necessary, the 
power control module 104 adjusts its output power to maintain "z" within a preselected 

20 lange. 

The output energy of the power module 104 is adjusted automatically and as 
necessaiy during operation of the tool 102 to maintain tissue iQq)edance within a 
preselected control range. For example, ^en the tool 102 first contacts the tissue, very 

25 little area of the electrode 108 is in contact with the tissue, and thus the currmt through the 
tissue 109 is low. As more tissue comes into contact with the active electrode 108, the 
current through the tissue 109 increases. During this transition, the impedance monitor 1 16 
measures the impedance and conveys a signal "z" representative of the measured 
impedance to the control module 104, vdiich in turn makes any necessary increase or 

30 decrease in the electrosurgical energy conveyed to the active electrode 108 to maintain 
tissue impedance within a desired range. Preferably, this electrosurgical energy is in the 
radio fi*equency range, and the operating range for monopolar operation is between about 
20 and 2000 Ohms, and typically a smaller range (e.g., up to about SOO ohms) for bipolar 
electrosurgical operation. 

35 

Those skilled in the art should recognize that other devices may replace the CPU 
119 of FIGURE 1. For example, discrete logic, programmable EPLDs, look-up tables, 
EPROMs, and analog processing means may be substituted for the CPU 119 to provide 
substantially similar opemdoiL 
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FIGURE 2 illustrates basic circuitry for measuring tissue impedance according to 
the invention and in a manner that is similar to the operation of the impedance monitor 1 16 
of FIGURE 1. In particular, FIGURE 2 shows a circuit 140 which can be used to determine 

5 impedance. The circuit 140 is illustmtive and can be altered in any number of ways to 
function equivalently. Circuit 140 includes an RF generator 106 m circuit with voltage 
SCTSor 142, cunent sensor 144, and electrodes 146 and 148. The voltage and current 
sensors 142 and 144 are represaoitative of ^ voltage and current monitors 117 and 118, 
respectively, of FIGURE L One of ordinary skill in the art will readily understand that 

10 sensors 142 and 144 can be configured, for example, as (i) transformers or (ii) amplifiers 
with sensing elements, e.g., resistors. Likewise, the electrodes 146 and 148 are 
representative of the FIGURE 1 active and return electrodes 108 and 1 12, respectively. The 
voltage sensor 142 measures the voltage differential betwen locations ISO and 152, and 
the current sensor 144 measures the RF generator cunent i. FIGURE 2 also shows three 

15 reprissentative currents, i, i], and i2» vfbeie the current i is the current at a location 
unmediately after the genoator 106, and the currents i| and ^ are currents at the respective 
localities after the split at location 150. 

The resistance associated with the voltage sensor 142 is relatively high, i.e., less 
20 than about 10% of the current for the entire circuit 140, as compared to the rest of the 
circuit 140 and thus the current i is approximately equal to the current ij, which can be 
measured. 

Therefore, provided there is ample wire size, e.g., 22 gauge or laiger stranded wire, 
25 the voltage dififerential between localities 1 SO and 152 is the same as the voltage across the 
electrodes 146 and 148. Since the current i is known by measuring the current i|, the 
resistance between the electrodes 146 and 148 is also determinable. This resistance would 
be representative of the tissue impedance as described with respect to FIGURE 1. Hie 
impedance monitor 116 of FIGURE 1 divide the measured voltage by the measured 
30 current to determine tissue impedance. A tissue inq>edance signal V is then generated and 
transmitted to the power control module of FIGURE 1 (not shown in FIGURE 2) to 
regulate the applied electrosurgical energy, thereby changing the voltage measured at the 
voltage sensor 142 and the current measured by the current sensor 144. In this fashion, the 
measured tissue impedance can be monitored and controlled to within a preselected range. 

35 

The measurement of tissue impedance, e.g., correspondmg to the resistance 
ineasurable in the cucuit 140 of FIGURE 2, is readily understood by one of ordinary skill 
in the art When the current through the tissue decreases for a given applied vohage, the 
tissue impedance increases and is readily measured by the inspedance monitor 116, shown 
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in FIGURE 1 . Tissue cells are most effectively heated and cauterized by RF energy ti^en 
the impedance is kept to within a preferred electrosurgical range, such as a tissue 
unpedance range within the system's operating range of about 20 to 2000 Ohms. By 
increasing or decreasing the amount of electrosurgical energy applied to the tissue through 
5 the active electrode, tissue impedance is maintained within a preselected control range and 
fhe active electrode incises and cauterizes tissue most effectively with less chance of 
burning tissue. The tissue unpedance is a factor of the surface area of the electrodes and 
distance between electrodes as well as the conductivity of the tissue and the changes in the 
tissue caused by heating the tissue cells. 

10 

The preselected control range of tissue unpedance is understood to vary dependmg ' 
upon a number of factors, including the type of tissue subject to electrosurgery, the size of 
the electrodes, and tiie design and type of tfie electrosurgical tool being used. This 
preselected control range is generally at a portion of an inq)edance versus time curve 

15 shortiy after impedance begins to rise rq>idly, as described bdow with respect to FIGURE 
2A. Absolute inqiedance values of the preselected control range will vary based on tiie 
factors noted above, but this preferred range generally corresponds to the point just before 
or just after applied electrosurgical energy causes individual tissue cells to burst. One of 
ordinary skill in the art will appreciate that the preselected control range of tissue 

20 impedance can be predetermined and programmed by the operator of the system, or it can 
be pre-progranuned in a CPU, suchasG'U 119ofFIGURE 1, based upon the tissue type 
undergoing electrosurgery and diaractmstics of the electrosurgical tool. 

FIGURE 2 A shows a graph 160 which includes typical data correlating tissue 
25 coagulation to impedance and duration of applied electrosurgical ^ergy. The vertical axis 
162 represents impedance "z", while the horizontal axis 164 represents time "t", i.e., the 
duration of contact between die active electrode and the target tissue. 

The following description of FIGURE 2 A refers to teniperature values, witfam tissue 
30 or tissue cells that are typically encountered at dififo:ent points on the ffaph shown in 
FIGURE 2A. It is understood that these temperature values are difKcult to ascertain and 
they should be regarded as estimates. These estimated temperature values may be higher or 
lower than actual temperature values. 

35 Position 166 represents the initial contact and current flow from the electrosurgical 

tool through the tissue to tiie grand pad. By way of example, this initial contact can be 
represented by the contact of the tool 102 and tiie ground pad 1 12 with the tissue 109 as in 
FIGURE 1. Position 166 thus has a representative tissue impedance Z], and a tissue 
temperature of sqoproximately 37^C. 
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The region of position 168 represents a later time, tj, and a lower impedance Z2. 
Accordingly, position 168 illustrates that the impedance drops after applying 
electrosurgical energy to the tissue for a period of time t] . The temperature of the tissue at 
5 position 168 is typically between approximately forty five and seventy degrees centigrade. 

As time increases beyond position 168, tissue temperature and impedance remain 
relatively constant but thereafter begin to rise rsq>idly. The portion of the curve during 
^ch teniperature and impedance begin to rise is shown generally by reference numeral 
10 170. 

Position 172 represents a location within the preferred preselected control range of 
tissue impedance. Hie tissue at positi(xi 172 is believed to be proximately seventy 
degrees centigrade, and has a tissue inq)edanoe that is within Ae system's opmting range 

15 of 20-2000 ohms. Thus, the electrosurgical system of the invention, such as the system 100 
shown in FIGURE 1, can operate to maintain tissue unpedance at, slightly above, or 
slightly below the level corresponding to position 172 of FIGURE 2A. It is believed that 
the desired range of tissue impedance, which should be approximately the preselected 
control range of tissue impedance, can be either just before or just after the point at whidi 

20 heating oftiie tissue causes individual tissue cells to burst 

At impedance values proxunatdy corresponding to portion 174, the intracellular 
fluid is vaporized. This condition is undesirable and the tissue impedance at this level is 
outside the typical preselected control range of tissue impedance. At even greater 
25 impedance values, such as shown by position 1 76, the tissue temp^^ture is approximately 
lOO^C and the tissue is essentially desiccated. When the tissue t^nperature readies 
approximately 200''C, as illustrated by position 178, carbonization or tissue-charring 
occurs. The impedance value of chaired tissue is quite high and is also beyond the 
preselected control range. 

30 

Thus, in the course of developing the preferred operating realm to most effectively 
cut and/or coagulate tissue, such as at position 172, the tissue impedance first decreases 
after the initial contact position 166. Thereafter, more energy is required to ofi^et the 
increased impedance and to reach position 172. Energy can be regulated upwardly and 
35 downwardly, as necessary, to maintain the impedance within the preselected control range 
of tissue impedance, at impedance values repres»ted hy those corresponding to position 
172 or impedance values sligihtiy above or below position 172. 
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lt is understood that the grajdi 160 of FIGURE 2A is representative and is used by 
way of example only. Minor variations Ln the shape of the curve may occur depending 
upon several factors. Factors which may influence the sh^ and magnitude of the data 
include: the size of the electrodes as well as the distance separating the clectrodts; the type 
5 of tissue and in particular the influence of heating dr the cellular matter; the design of and 
materials whidi form tfie tool; and the motion of tiie tool within the tissue. In addition, the 
responsivity of the tool to generator diaracteristics and electrosurgical control circuitiy may 
also influence the oveiall shape of tfie curve and the magnitude of impedance values. 
Thmfore, the invention can and may operate around a preselected control range of tissue 
10 impedance that tissue is somei^t above or below position 172, or which includes position 
172. 

FIGURES 3 through 7 illxistmte an embodiment of the invention in which an 
electrosu^cal cutting tool 10 is used with the impedance feedback system of tte invention. 

15 Cutting tool 10 is a linear cutting tool comprising a housing 12 includii^ a handle portion 
14. Adjacent handle portion 14 is cutting template element 16 which includes a first tyne 
18 and a second tyne 20. The two tynes 18, 20 of cutting template element 16 are 
substantially parallel and define a tissue engaging space 22 into which is inserted the tissue 
or organ to be incised. In a preferred embodiment, the surgical tool 10 includes a lever 24 

20 which fiicilitates the movement of an active electrode, which may take the form of a cutting 
blade 34, along a predetermined paflt 

FIGURE 3 fiirtha: illustrates an electrosurgical generator 26 which serves as an 
energy source from which electrical current, preferably in the radio frequency range, is 

25 communicated to the cutting tool 10 through insulated wire 28 and connector 63. Insulated 
retum wire 30 conmiunicates to a ground pad (not shown), sudi as the return electrode 1 12 
of FIGURE 1. A power switch 32, preferably in the form of a foot petal, may be used to 
break or dose the generator 26 circuitry and thus inhiUt or transmit the power supplied to 
the cutting tool 10. Alternatively, a power switch may be disposed on a portion of the 

30 cutting tool such as Uie housing 12. 

The circuit representing the power generator 26, the active electrode (e.g., blade 34 
with edge 36), wire 28 and delivery wire 61, return wire 30, power control module 26a, and 
impedance monitor 26b is electrically isolated to control the application of surgical energy 
35 by the tool 10. The control module 26a can regulate the electrosurgical energy delivoed to 
the cutting blade 34, according to the measured tissue impedance detemouned by the 
impedance monitor 26b. As noted, flie impedance monitor generates a signal representative 
of tissue impedance by quantifying the current through, and voltage difierential between, 
the blade 34 and ground pad (not shown). Current from thc^ source 26 travels tfaroug}i wire 
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28 and connector 63 and through wire 61, which is electrically attached to the blade 34 by 
way of connector SL Current then travels through the tissue and to the ground pad (not 
shown) for return to the impedance monitor 26b by way of return wire 30. The tissue 
impedance signal is communicated to the control module 26a \sUch in turn adjusts the 
5 applied electrosurgical energy to maintain a measured tissue impedance within a 
preselected range. Accordingly, electrosurgical power adjustments are made automatically 
to maintain a skin or tissue impedance to within a safe and operable range, e.g., at 
approximately the position 1 72 of FIGURE 2A. 

10 In particular, for radio frequency raergy delivered by monopolar generators, the 

preferred operating range of the system is between 20 and 2000 Ohms. When operating 
within the preselected control range, which is within fbc 20 to 2000 Ohm range,, tissue 
incisions occur with effective cell heating, and further the tissue is cauterized, without 
burning, to prevent or minimize bleeding and to promote healii^. 

15 

Although the control module 26a and impedance monitor 26b are shown connected 
to the power generator 26, it should be apparent that their specific location is irrelevant as 
long as they pennit the simultaneous control and measurement of tissue impedance during 
the operation of the tool 10. They can thus be easily located on the tool 10. 

20 

Blade 34 of tool 10 prefi^rably is retractable when not hi use, and moved forward 
along a cutting path to effect ratting of tissue. 

The energy requirements of the electrosurgical tool of the present invention are 
25 dynamic and depend to a great extent upon the impedance values of tiie tissue encountered 
by the active electrode, e.g., blade 34, during cutting procedures. The impedance of tissue 
varies among tissue types and the amount of blood present in or around tiie tissue. The 
amount of current delivered by the tool to the tissue is a function of the impedance of the 
tissue. Generally, the amount of current delivered to tissue ranges between about 0.5 and 
30 2.0 amps. The voltage £q)plied to tfie tissue between the blade and the return electrode, e.g., 
ground pad, typically is between about SO to 100 volts ims. These values are typical and 
are varied automatically to maintain a nearly constant impedance m the tissue during 
operation of tfie tool 1 0. 

35 Surgical tool 10 is particularly well adapted for use in surgical procedures ^ich 

reqiure transection of an organ such as the intestine. In operation, the tissue (e.g., intestuie) 
is placed within space 22 defined by tynes 18 and 20. The blade is moved forward along 
the longitudmal axis x of tynes 18 and 20 by movement of lever 24. As the blade moves 
forward, it passes through flie tissue causing it to be severed. Simultaneously, electrical 
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energy, e.g., xadio frequency energy, ^ch may be activated for example by foot switch 
32, is delivered to the tool and in particular to die blade 34. The electrosurgical current is 
communicated from the blade 34 to the tissue adjacent the blade and in the vicinity of the 
incision. Current should be delivered through the blade to the tissue during the entire 
S cutting procedure. A ground pad attached to the tissue communicates the energy back to 
the monitors 26a and 26b. 

The qyplication of electrical energy m this manner is advantageous Electrosurgical 
energy is delivered tfirough the blade to adjacent tissue to allow for more effective cuttii^ 
10 action, and to promote cauterization and/or tissue fusion ^ch effectively eliminates all or 
substantially all bleeding which results from the incisioiu The cauterization and/or fusion 
effect imparted to tissue minimizes blood loss and increases the safety of the surgical 
procedure as cauterization occurs at substantially the same time that the incision is made. 

15 In a preferred embodiment of the invration, the electrosurgical tool 10 also includes 

a stsple cartridge 38 ^ch houses a supply of surgical staples to be supplied adjacent the 
mcisioiL The staples may be deployed on one or both sides of tiie incision to assist in 
closing the incision and sealing the severed end of the organ. The staples are deployed 
nearly simultaneously with the cutting action of the blade and the tissue fusion effect 

20 imparted by the electrical energy. 

One skilled in the art will appreciated ttat a variety of matoials are well suited for 
rthe manu6cture of the electrosurgical tool 10 shown in FIGURES 2-6. For exanqsle, 
housing 12 and cartridge 38 may be made from or coated with various non-conducting 
25 polymers. The conductive components of the tool may be made of various metals, 
including surgical grade stainless steel and aluminum. 

Tool 10 is further described in copending U.S. patent application serial number 
019,334, filed February 18, 1993, v^ch is a continuation of serial number 786,572, filed 
30 November 1, 1991, both of which are hereby inc(»porated by reference. 

FIGURES 8 through 10 illustrate other electrosurgical tools that may be usied with 
the impedance feedback system of the iirvention. FIGURES 8 and 9 illustrate an 
electrosurgical clip applicating device 210 comprising a handle portion 212 having a trigger 
35 mechanism 214. Adjacent the handle is an elongate memb^ 216 which houses a siq)ply of 
surgical clips (not shown) as well as an actuating mechanism, described bdow, which 
assists in deploying the clips. The handle 212 also includes an electrical connector port 218 
and insulated wue 220, which function to communicate electrosurgical energy to die tool 
210 fit>m generator 226. 
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An actuating mechanism adaptable for use with tool 210 is illustrated in FIGURE 9. 
The actuating mechanism preferably includes an actuating rod 221 which commimicates 
with the trigger mechanism 214 through a catch 219 which mounts within groove 217 of 
5 trigger 214. Actuating rod 221 also communicates with paired clamping jaws 222a» 222b» 
which extend from a distal end of barrel 216. The clamping jaws 222a, 222b are adapted to 
engage and deploy a surgical clip 224. Surgical clips can be deployed by activation of the 
trigger mechanism 214, causing actuating rod 221 to move backwards (toward the handle 
212) while closing clamping jaws 222a, 222b together* When the clamping jaws 222a, 
10 222b are closed, the surgical clip 224 disposed between the jaws is clamped about a duct or 
vessel Once a clip is deployed, a new clip may be positioned between clamping jaws 
222a, 222b either automatically or manually. 

An inipedance and power control subsyston 227 functions like tfie comUnation of 
15 unpedance monitor 116 and power control module 118 described in FIGURE 1. 
Accordingly, subsystem 227 measures the tissue ]nq>edance and regulates the power 
applied to the tool 216 via the active wire 220 and return wire 220a, which connects to the 
return electrode (not shown) attached to the tissue, e.g., a ground pad. 

20 Although the subsystem 227 is illustrated as located with the generator 226, it is 

understood that its compon»ts and functions can easily be implemented at other locations, 
most readily with the tool 210. 

Electrosurgical generator 226, shown in FIGURE 8, communicates with clipping 
25 device 210 through conductive wiring 220 which connects to the clipping device through 
duplex port 218. As shown in FIGURE 9, port 218 communicates with internally 
conductive wiring 225 which extends into the clipping device 210. Wire 225 is attached to 
a conductive portion of the activating mechanian which is in electrical communication 
with surgical clip 224 to be deployed, therein functioning as the active electrode. The 
30 embodiment illustrated in FIGURE 9 is configured such that the active vnte 225 terminates 
in a cormection point 228, which is in electrical communication with the surgical clip 224. 

Preferably, the jaws 222a and 222b are non*conductive, as is the barrel 216. In this 
way, electrosurgical energy is efficiently delivered to tissue and received by the return 
35 electrode, such as a ground pad (not shown), through connection with wire 220a, which 
connects to the negative pole of the power generator 226. With tiiis arrangement, the wires 
225, 220 and 220a form an isolated cuvuit witii the goerator 226, the unpedance and 
power control subsystem 227, the return electrode attached to the tissue, the active 
electrode 224, and the tissue when the tool 210 is in operation. 
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In an alternative embodiment (not illustmted), the active vidre 225 may attach to 
actuating rod 221 which is made from a conductive matmal and which is in electrical 
communication with clamping jaws 222a, 222b. The portions of the clipping device 210 

5 which are in electrical communication with active wire 225 (e.g., actuating rod 221 and/or 
clamping jaws 222a, 222b) preferably are electrically isolated from the remainder of the 
tool. Hie return wire of this configuration is th» connected to a sq>arate letum electrode 
(not shown) arranged in contact with the tissue during operation of the tool 210 and 
communicates witii the n^ative pole of the generator 226. Upon activating the delivery of 

10 current to tool 210, for example by activating switch 230, current will be delivered through 
die wire 225 and communicated to the active electrode, i.e., the surgical clip 224, through 
actuating rod 221 and/or clamping jaws 222a, 222b. The return electrode receives the 
electrosurgical energy transmitted through the tissue from the active electrode and 
electrically connects with the impedance and control subsystem 227 via return wire 220a. 

15 

FIGURE 10 illustrates an alternative clip applying tool which can be used wi& ibe 
present invention. Reference numeral 215 represents a forward portion of tfie barrel 216 
which is adapted to receive dual pairs of clamping jaws 240a, 240b and 242a, 242b. The 
clamping jaws 240a, 240b and 242a, 242b each communicate with their respective 
20 actuating mechanisms (not shown). Surgical clips 244 and 246 are shown positioned 
within jaws 240a, 240b and 242a, 242b. 

Insulated vrire 248 functions like the active wire 220 shown in FIGURE 8 and 
communicates electrosurgical energy from geimator 226 to clamping jaws 242a, 242b (or, 

25 alternatively, to the actuating mechanism associated with clamping jaws 242a, 242b) and 
jaws 240a, 240b (or, alternatively, to the actuating mechanism associated with jaws 240a, 
240b). Upon activation of a trigger mechanism, jaws 240a, 240b and 242a, 242b close 
together to deploy clips 244 and 246. At the same time a control switch is activated to 
deliv^ electrical current to the jaws 240a, 240b, 242a and 242b (or actuating mechanisms 

30 associated with these jaws), and bsxnce to clip 244 and 246, ^ch function together as Ae 
active electrode. When the clip 244 and 246 contact tissue, current is conveyed to the 
tissue causing the tissue and clips to be fiised together. The electrosurgical energy also 
promotes tissue-to-tissue fusion. The applied current is returned to generator 226 from the 
ground pad (not shown) and wire 252. 

35 

A generator, impedance monitor and power control module are collectively shown 
in FIGURE 10 as module 226 and operate in a mann^ described above to supply 
electrosurgical energy to the clipping device 210. Virtually any generator able to provide 
electrosurgical energy for medical sqsplications may be used with the present invention. 
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Piefezably, the generator is a voltage determinative, low source impedance generator which 
provides radio frequency energy. Preferably, a suitable generator can supply up to two 
amps of current and has a source impedance value of less than 10 ohms. Further details 
regarding the energy requirements of tool 210 are discussed above with respect to cutting 
5 tool 10 above. 

FIGURES llA, IIB and IIC illustrate the manner in which surgical clips of 
FIGURES 8-10 are deployed. A vessel 232 to be ligated is disposed between clamping 
jaws 222a, 222b and surgical clip 224. Upon activating the triggering mechanism, tte 

10 clamping jaws move together as shown in Figure 1 IB, causing surgical clip 224 to close 
upon vessel 232. When the triggering action is completed the clip 224 remains adhered to 
the vessel 232 as illustrated in FIGURE IIC. While the clip is applied over the vessel, 
electrosurgical energy is delivered through the clip 224, which functions as the active 
electrode. Current is m^tained for a suitable period of time, usually 5 to IS seconds, to 

IS liable tissue-to-clip and tissue-to-tissue fusion to occur. A return electrode, e.g., a ground 
pad (not shown), communicatBS with the generator through a return wire to complete the 
circuit with the vessel 232. 

The activating mechanism of clip activator 210 preferably is made of a conductive 
20 material ^ich has a relatively high tensile strength. Exemplary materials include surgical 
grade stainless steel and alumimmi. Clamping jaws 222d, 222b likewise are made of a 
surgically compatible, conductive material suitable to enable current to be communicated 
through the clamping jaws 222a, 222b to clip 224. The surgical clips 224 used with the 
clipping device of the invention may be with a variety of constructions and may be made of 
25 variety of conductive, surgically compatible materials, e.g., surgical grade titaniiun, vAndlx 
are well known in the art As illustrated the surgical clip may be substantially U- or V- 
shaped, but various other shapes or constructions are possible as well. 

The handle portion 212, trigger 214, and the barrel 216 are electrically isolated from 
30 the remainder of the device. Preferably, these components are made of, or are coated with, 
non-conductive materials such as suitable polymeis. 

The construction and operation of tool 210 is further described in U.S. Patent No. 
5,207,691, issued May 4, 1993, which is hereby incorporated by reference. 

35 

FIGURE 12 shows an electrosurgical impedance feedback system 300 constructed 
accordmg to the invention vAAch is similar to systm 100 of FIGURE 1, but which includes 
additional features and structure. Feedback system 300 like system 100 shown in FIGURE 
1, is shown in contact with tissue 109 and includes RF generator 106, source impedance 
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107, power control module 104, electrosurgical tool 102, voltage and cmrent monitors 117 
and 1 18, return electrode 1 12, and feedback line 1 14. The tool 102 has active electrode 108 
and is connected to the module 104 via power supply line 1 10. 

5 Feedback system 300 differs from system 100 in that it has a signal conditioning 

module 302, impedance detennmation module 304, comparator limit module 306, enable 
derivative module 308, switch module 310, and derivative module 312. These modules 
operate as follows: 

10 The signal conditioning module 302 conditions voltage and current as received, 

respectively, from the voltage monitor 1 17 and current monitor 1 18 via signal lines 124 and 
126. Typically, the signal conditioning module "smoothes'' or averages the data from the 
monitors 117 and 1 1 8 by methods known to those ^Ued in the art, e.g., root-mean square 
(RMS) techniques, to accurately represent die voltages and currents within the tissue 109. 

15 One commonly available integrated circuit ^ch can be used as the module 302 is the 
LT1088 RMS-dc converter available fix>m Lmear Technology of Mi^ites, California 

RMS can characterize the heating value of the applied electrosurgical energy 
waveform, thereby averaging the energy delivery to the tissue over a particular and selected 
20 time interval. In a prefened embodiment of the invention, this time-aven^ng is between 
BppToyamately five and twenty milliseconds. 

The impedance determination module 304 communicates with a signal conditioning 
module 302 via current signal line 126* and voltage signal line 124\ The respective current 

25 and voltage signals transmitted to the impedance determination module 304 are thus 
conditioned or averaged versions of the current and voltage signals transmitted to the signal 
conditioning module 302 on the Imes 126 and 124. Hie impedance determmation module 
304 provides a signal which is proportional to the voltage signal divided by the cunrent 
signal. One commonly available integrated drcuit vdiich can be used as the module 304 is 

30 the DIVlOO Analog Divider available fiom Burr-Brown Corporation of Tucson, Arizona. 

The determination of "z" is preferably averaged over time. For example, z may be 
calculated by dividing VmAS time-averaged voltage signal) by I^j^s (^^ 
averaged current signal). 

35 

The comparator limit module 306 selectively generates an enable signal which 
commands further signal conditioning of tiie impedance signal "z** after the impedance 
determination module 304. The enable signal is graemted upon command by a user of the 
system 300 or automatically. Once the raable signal is cdmmanded at module 306, other 
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signal processing activities within the system 300 are enabled. The comparator limit 
module 306 also detennines whether certain threshold values of voltage and/or cuirent are 
exceeded as relayed by the signal conditioning module 302, which reduces the possibility 
of false detection caused by transients. According to one embodiment Of the invention, 
5 current should be greater than one amp, and voltage should be greater than iSfiy volts. 

When selected by the comparator limit module 306, the mable derivative module 
308 provides a drive signal to a CMOS switch, or other switching technology known to 
those skilled in the art, widiin module 3 10 so that tfie impedance "z" signal is transmitted to 
10 the derivative module 312. 

The derivative module 312 determines the time rate derivative of tiie signal "z". 
Thb time rate doivative signal dZ(t)/dt is used m furtfier signal processing, according to 
the invention, for controlling the q)plication of electrosurgical energy to the tissue with 
15 time-dq)endency. One acceptable range of derivative values, according to Ifae invention, is 
fix)m lOOO/S, vMch. is very slow, to 10,000Q/S, vMch is very fast. However, the prefenred 
derivative range useful with die inv^tion is about 200-lOOOn/S. 

FIGURE 12A illustrates logic signal processing circuitry 350, e.g., an EPLD, 
20 constructed according to the invention and i^ch is prrferably used in cotgunction with 
impedance feedback system 300 of FIGURE 12. Circuit 350 assesses certain quantitative 
aspects of signals relating to tfie electrosurgical systrai by combinations of events and 
signal levels as shown. As illustrated, inputs to the circuit 350 include: the complete 
enable signal from the comparator limit module 306 via signal line 1 27; voltage and current 
25 signals from the signal conditioning module 302 via signal lines 126* and 124'; impedance 
'*z** fit)m the impedance determination module 304; and the tune-rate dmvative signal d 
Z(tydt from the derivative module 3 12. Odier signals not associated with the tissue effect, 
stich as a "clock" signal to represent time, may also be input to the logic signal processing 
circuit 350 to determine or oAerwise assess system p^ormance and operation. 

30 

These signals are used to activate certain selective logic events. For example, if 
impedance "z" exceeds a preselected range, any one of selected ou^uts can be enabled, 
e.g., a visible source 352, an audible source 354, or a tactile "touch" source 356. Other 
warnings or indications can also be given. For example, in one ^bodiment, whra the 
35 signal "z" is within its prefored and selected range, a green LED is illuminated at the 
visible source 352; and when "z" is outside the preselected range, a red LED is illummated. 
Further, the derivative signal dZ(t)/dt is especially helpful, for example, in signal 
processmg applications as it elinunates certain uiq)edance ofBsets vribich can occur at the 
electrosui:gical tool 102 and ground pad locations, as well as within various tissue types. 
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It is to be understood that tbe scope of the pres^ invention encompasses 
electrosurgical tools having constructions other than those specifically described herein. 
The present invention is potentially applicable to any electrosurgical device utilized in an 
5 impedance feedback electrosurgical system ac(K)rding to the invention in which 
electrosurgical energy is delivered through the device to tissue in contact with the device. 



What is claimed is: 
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An impedance feedback electiosurgical system comprising: 
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a surgical tool having mounted thereon at least one active electrode in 
communication with a power source for delivering electrosuzgical eneigy 6om a power 
5 source to tissue; 

a remote ground pad, acting as a return electrode, fhe ground pad bdng electrically 
insulated from the active electrode and being adapted to receive the electrosurgical energy 
delivered fiom die active electrode through the tissue; 

10 

an inq)edance measurement means, in circuit with the active electrode and the 
remote ground pad, for measuring the electrical impedance of the tissue based i^n the 
current and voltage in the tissue; and 

IS a power control means, in circuit widi fbc power source and impedance 

measurement means, for regulating fhe electrosurgical eneigy deliv^ed to the tissue by the 
active dectrode in response to a signal representative of impedance firom the impedance 
measurement means to maintain a measured tissue impedance within a preselected control 
range of tissue impedance. 

20 

2. The impedance feedback electrosurgical system of claim 1 wherein the preselected 
control range of tissue impedance is within the opmting range of 20-2000 ohms. 

3. The impedance feedback electrosurgical system of claim 1 whorein the power 
25 control means regulates the delivered electrosurgical eneigy by varying the cuirent within 

the tissue and/or the voltage across the electrodes. 

4. The impedance feedback electrosurgical system of claim 1, fiirther compriang 
activation means for selectively activating the electrosurgical energy delivered tfirough the 

30 active electrode to the tissue. 

5. The impedance feedback electrosurgical system of claim 1 wherein the surgical tool 
is an electrosurgical cutting device . 

35 6. The impedance fisedback electrosurgical syst^ of claim 1 herein the surgical tool 
is an electrosurgical clip applying device . 
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7. The impedaxice feedback system of claim 1, furtb^ comprising acoustical warning 
means for infomiing ffae user tiiat tbe measured tissue inqiedance is outside of tbe 
preselected control range of tissue impedance. 

5 8. The impedance feedback system of claim 7; wherein the acoustical warning means 
alerts a user that the measured tissue inq)edance is outside of the preselected control range 
of tissue in^edance. 

9. Tlie impedance feedback system of claim I, further conqnising CPU means for 
10 controlling at least one of the inq)edance measurem^ means and the power control means. 

10. The impedance feedback system of claim 1 >\dierein the impedance measurement 
means further comprises voltage monitor means for determining voltage between the active 
and return electrodes. 

15 

1 1 . The impedance feedback system of claim 10, further comprising signal conditioning 
means for conditioning the voltage and the cunent wherein tiie voltage and current are 
available as time-averaged electrical signals. 

20 12. The impedance feedback system of claim 1 1 wherein the impedance measurement 
means deteimmes tissue impedance fiom the time*averaged electrical signals. 

13. The impedance feedback system of claim 1 1» furtiio: comprising comparator limit 
means connected to the impedance measurement means, for determining whether the 

25 voltage and current are within predetemuned thresholds. 

14. The impedance feedback system of claim 1 vdierein the impedance measurement 
means further comprises current monitor means for determining current within said tissue. 

30 15. The impedance feedback system of claim 1 wherein said impedance monitor means 
further comprises time-derivative means, the time-derivative means being arranged to 
provide a time-rate derivative signal of the tissue impedance. 

16. * The impedance feedback system of claim 15, further comprising signal processing 
35 means, connected to receive at least one of (i) the time-mte derivative signal, (ii) the signal 
represCTtative of impedance, Qii) a signal uidicative of voltage, and (iv) a signal indicative 
of current, for processing received signals and activating at least one selected visual, sound 
and tactile logic device. 
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17. The impedance feedback of claim 16 herein said signal processing means 
further comprises clock means for generating a clock signal wherein the clock signal is 
processed with other received signals to activate the selected logic device. 

5 

1 8. A method for controlling electrosuigical ^ergy applied to tissue, comprising: 
providing an electrosuigical tool having a tissue contactmg, tissue affecting active 

electrode in electrical communication witfi a power source and a remote tissue contacting 
ground pad serving as a return electrode; 
10 delivering electrosurgical energy through the active electrode at a sufficient 

magnitude to affect the tissue; 

communicating the electrosuigical energy applied to tissue dm)ugh the return 
electrode to an impedance measuring device; 

determining the impedance of the tissue from the voltage across the active electrode 
15 and the remote ground pad and fiitxn the cunent through die tissue; 

communicating a signal rqnresentative of tissue impedance to a power control uni^ 

and 

controlling the electrosurgical energy delivered through the active electrode based 
on the determined tissue impedance to maintain pi determined tissue inipedance widiin a 
20 preselected control range of tissue impedance. 

19. The mediod of claim 18 vAeiein the preselected control range of tissue hnpedance 
is in the range of 20 to 2000 Ohms. 

25 20. The method of claim 18 wiiaiein the step of controlling the electrosuigical enargy 
comprises tfie step of vaiying the voltage across the electrodes. 

21. The method of claim 18, further comprising the step of determining at least one of 
the following properties of the system: Q) the time-rate derivative of the signal 

30 representative of inq^edance, (ii) the time-average of the voltage, (iii) the time-average of 
the current, (iv) die time^^verage of inipedance, (v) current which exceeds a predetermined 
curr^ threshold, and (vi) voltage vMch exceeds a predetermined voltage threshold. 

22. The method of claim 21, furtho* comprising the step of processing any of the 
35 properties selectively to evaluate electrosurgical effects in the tissue and activating at least 

one logic indicator to indicate the evaluated effects. 

23. The method of claim 22 wdierein the logic monitor generates a visible light, audible 
sound, or tactile sensation. 
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